Therefore it is necessary to study the effect of network density on the performance of MANET routing protocols. In this paper, the performance of MANET routing protocols is analyzed for scenarios of different network densities. Our analysis shows that network density significantly affect the performance of the MANET routing protocols.
I. INTRODUCTION
R OUTING in mobile Adhoc networks (MANETs) is a challenging research area due to the limit power resources, dynamic nature of the network topology and bandwidth constraint of the wireless channel. The nodes in MANET act both as a host and a router and communicate with each other without any centralized infrastructure [1] [2] . Routing in MANETs can be flat, hierarchical or Geographic Position Assisted Routing [3] [4] [5] . The communication between nodes in case of flat routing is direct. Reactive, proactive and hybrid routing are the three types of the flat routing. In proactive routing, each node maintains a route to every other node in a network. This approach has the advantage of less queuing delay at the cost of high routing overhead. The routing overhead is reduced in reactive routing protocols by discovering the route to the destination when needed. Hybrid routing uses the characteristics of both proactive and reactive routing protocols.
The rest of the paper is organized as follows: Related work is explained in section II. MANET routing protocols are described in section III. Section IV introduces the network density. Simulated environment and results are discussed in section V and paper is concluded in section VI.
II. RELATED WORK
In [6] , Mittal and Kaur compared the performance of ZRP, AODV and DSR for variable pause time using QualNet simulator. Random way-point mobility model is used in simulation and the performance of the MANET routing University of Engineering & Technology, Peshawar, Pakistan bilaI935@nwfpuet. edu.pk protocols is evaluated in terms of average End-to-End delay and packet delivery ratio (PDR). AODV outperforms ZRP and DSR in terms of average end-to-end delay and PDR. Vijayavani and Prema in [7] evaluated the performance of AODV and DSDV in realistic mobility model and shown through simulation results the performance improvement of AODV over DSDV in terms of PDR and throughout. In [8] , the performance and efficiency evaluation of AODV and DSDV are made by varying the number of nodes, terrain size and mobility. The efficiency of AODV degrades significantly as compared to DSDV in case of rapidly changing the number of nodes in a network.
In [9] , Biradar et al compared the performance of MANET routing protocols for group mobility model. DSR out performs AODV in high mobility environment while AODV has better performance than DSR in terms of average end-to-end delay with an increase in number of groups. Barati et al in [10] analyzed the performance of DSR and AODV in terms of energy consumption. Energy consumption of AODV is more than DSR for low traffic and less than DSR for high traffic. In [11] , Kassim et al compared the performance of MANET routing protocols for wireless sensor networks. AODV out performs TORA in terms of throughput for high congestion.
III. MANET ROUTING PROTOCOLS

A. OLSR
Optimized Link State Routing (OLSR) protocol is a proactive routing protocol and is based on link state routing. In OLSR, the topology view maintained by each node through the exchange of information messages is used for building routing tables. The concept of Multipoint Relays (MPR) is used in OLSR for the reduction of routing overhead. In MRP strategy, each node selects the set of nodes during the process of topology update to rebroadcast its control messages. The nodes other than MRP set cannot rebroadcast the control packets. Conceptual view of the multipoint relays is illustrated in Fig. 1 . All of the two hop nodes are reachable from the MPR nodes. The control information is therefore retransmitted only by MPR nodes to minimize the routing overhead. node has the complete node-to-node information from source to destination. A node maintains multiple routes to a destination. This feature is the advantage of DSR over AODV, in which a node has a single route to the destination [12] . The node begins the route discovery process when does not find a route to a particular destination by broadcasting the Route Request (RREQ) packets. The destination replies with a route reply (RREP) packet when receives a RREQ packet.
C. TORA
Temporary ordered routing algorithm (TORA) is on demand, highly adaptive routing protocol designed for high mobility. In TORA, a node maintains multiple routes to a destination. This feature of TORA enables the node to respond to topological changes infrequently due to the availability of alternate routes. In TORA, the control messages are restricted to a small area around the topological change. TORA has the ability to erase the routes affected by partition.
D. AODV
Adhoc on-demand distance vector (AODV) routing protocol is a reactive protocol based on distance vector routing. It uses destination sequence number to avoid loops. The route request (RREQ) packet is broadcasted by the node when does not find the valid route to the destination. The destination node or the intermediate node having a fresh enough route to destination responds to RREQ by unicasting the route reply (RREP) packet to the sender of RREQ. AODV combines the properties of DSR and destination-sequenced distance vector (DSDV) routing protocol.
IV. NETWORK DENSITY
In [13] , Royer et al studied the optimum density of MANETs for stationary nodes. The proposed optimum density for keeping the stationary nodes connected in a network does not considered the effect of node mobility. The transmission range reflects to the connectivity of nodes in a network.
Bettstetter in [14] studied the number of nodes and transmission range in order to maintain a k-connectivity. The density of a network depends both on the physical density and connectivity density. A network is defined as dense when large number of nodes exists in a certain area for a particular level of connectivity and sparse vice versa. A network may have large number of nodes but with low connectivity is considered sparse. Let k is the degree representing the number of nodes surrounding the particular node. An isolated node has k=O. A connected network with N number of nodes will have the connectivity between every pair of nodes; however the network is considered disconnected when connectivity between every pair of nodes does not exist. If each pair of nodes has k mutually independent paths then the network is considered k-connected. The probability of k-connectivity is given by [15] :
Where T is the transmission radius, N is the total number of nodes and p =!!.. is the physical density with topology area A.
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For k = I i.e. every pair of nodes has at least one mutually independent path, the topology is considered dense if pelcon) 2': 0.95 and otherwise sparse [16] .
V. SIMULATED ENVIRONMENT AND RESULTS
In this section, the simulated environment and results of the simulation conducted in NS 2.35 with 802.11 wireless extensions are discussed. The simulation parameters are given in table I. The performance metrics used for performance evaluation are average End-to-End delay, Global throughput and Overall Routing traffic sent. The Performance evaluation of the routing protocols is done for four scenarios of different connectivity probabilities. All the nodes are assigned velocity randomly between 1 and 10 m/s according to Normal Di stri buti on. The Network density can be varied by changing transmission radius, number of nodes and topology area [15] . In this paper, the network density is varied through the variation of the topology Area for a fixed number of nodes and transmission radius. (1) can be written as: The values of area computed by using (2) for different probabilities of connectivity and transmission radius (r=350m) are shown in table II. Figs. 2 and 3 illustrate the average end-to-end delay performance of the routing protocols for scenarios of different connectivity probabilities. The end-to-end delay for DSR protocol increases with an increase in P(I-con). The reason for this behavior is the existence of complete node to node information contained within each data packet header. The routing overhead increases with an increase in network density for DSR and hence the performance degrades. OLSR has the minimum end-to-end delay for all values of connectivity probability. The routing overhead is reduced in OLSR by using the concept of multipoint replaying (MPR) strategy. MPR strategy reduces the number of re-broadcasting nodes and hence reduces the routing overhead. AODV has better performance in terms of average end-to-end delay and routing traffic sent than DSR for all values of connectivity probability. In case of TORA each node maintains multiple routes to destination and contains the routing information to its neighbors only. This reduces the routing overhead and delay in when the route discovery process is initiated due to unavailability of route to the destination node due to highly dynamic nature of the topology. Fig. 4 shows overall routing traffic sent by the MANET routing protocols. TORA has generally the highest routing traffic sent as compared to other routing protocol. DSR has low routing traffic for low probability of connectivity and vice versa. This is because of the fact that in DSR the data packet header contains complete information about every node in the route from source to destination. Fig. 4 shows that AODV outperforms DSR, OLSR and TORA protocols in terms of overall routing traffic sent. Fig. 5 shows the performance comparison of the routing protocols in terms of average throughput. AODV outperforms DSR for high probability of connectivity and degraded performance for low probability of connectivity. The routing overhead associated with DSR increases with an increase in probability of connectivity and hence reduces the throughput. .,.
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VI. CONCLUSIONS
In this paper, the performance of AODV, TORA, OLSR and DSR IS evaluated for the networks of different connectivity probabilities. Simulation results show that network connectivity probability significantly affect the performance of the routing protocols. DSR has better throughput and end-to-end delay performance for low values of connectivity probability and degraded performance for high connectivity probability. The performance of AODV is fine for all values of the connectivity probability in terms of average throughput and routing traffic sent.
